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(54) CompatibiKzed polypheny lene ether-poly amide compositions 



(57) Polyphenylene ether -potyamide compositions 
(ateo containing an impact modifying poJymer) having 
improved physical and rheotogjcal properties are pre- 
pared by incorporating therein at least one non -porymer- 



ic tunctionalizing compound such as citric acid and a mi- 
nor proportion of at least one potyepoxy compound hav- 
ing an epoxy equivalent weight of at most about 4,000, 
preferably an epoxidi/ed novolak. or at least one poty 
(ortho ester). 
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Description 

Background of th« Invention 

5 This invention relates to resinous blends, and more particularty to b tends of pofypherrylene ethers and pofyarrwdes 

Polypheny tene ether-potyarrude b tends have been known for some time to possess properties which are a conrv 
bination of the beneficial properties of both resins These ndude high thermal stability and high impact strength afforded 
by polypheny tone others, and solvent resistance afforded by poryarmdes 

At least one impart modifier is usually also present in the potyphenylene ether -poly amide composition Suitable 
to impact mooters irclude thc^ corneals 

For the preparation of blends other than those containing a minimum proportion of pofyamide. the presence of a 
compatibilizer is necessary since the two pc4ymersarec4nerwisenccrnpatiole Absent compatibih/ation. rrKxphotogicaJ 
exarnnation of polypheny lene ether -pofyamide btends typically shows a contnuous pofyamide phase with polyphe- 
ny lone ether and impact modtier forming a second phase poorly dispersed therein, resulting in the formation of laminar 
15 structures with poor physical properties 

Numerous types of compatibtluers for pofypherrylene ether -pofyamide compositions are known in the art For the 
most part, they contain a plurality of functional groups illustrated by ca rboxylc acid, epoxide and otefmc groups The 
presence of such cornpatDiiizers is believed to facilitate the formation of block copolymer structures between the 
potyphenyfene ether and pofyamide 
20 CompattM kzed polypheny! ene ether -pofyamide cornposrtions are frequently used lor injection molding of large 

automotive parts, including fenders and bumpers It is sometimes found, however, that the molded parts have an 
undesirable surface appearance, especially when subjected to severe molding conditions such as high injection speeds 
or long residence times in the mold, which are often necessary in the case of large parts In particular, the surfaces 
often have matte patches of scaly 'sharkskin* appearance separated by regions of glossy finish Inspection by scanning 
25 electron microscopy shows areas of flattened domains separated by large voids and elongated fibrillar structures ori- 
ented in the man flow direction Such surface defects render the molded parts unsuitable, since the panted surfaces 
are visually defective 

A further problem is typicalry encountered in blow molding of pofypherrylene ethcr-potyamide blends, a process 
also having potential for the fabrication of large parts A partson for blow molding forms elasticalry under rapid extension, 
30 making high elastic deformation an important tnootoo^caJ property Often, elastic deformation for such blends is unde- 
sirably low, as shown by a low complex vsoosity and a low storage modulus 

The incorporation of polyepoxy compounds in polypheny lene ether-pofyamidc blends for various purposes has 
been dsclosed For example, US Patent 5,237,002 describes potyphenylene ether -poly amide blends which may also 
contain a comoatibilizer, an epoxy compound and a rubber which is a copolymer of aliphatic olefins, an alkenylaromatic 
36 compound and an unsaturated carboxylic acid or anhydride The carboxytic acid group-containing resin and the epoxy 
compound arc dectosed as improving the processaWrr/ot the blend However, no means tor improving surface ap- 
pearance or increasing storage modulus are suggested 

Japanese Kofcai t/t 29,067 and Kokai 1/129,058 disclose blends of pofypherrylene ethers, potyamtdes, compati- 
tHkzers. styrene-type resrts and rubber-type pofymers which may include epoxy -con taming untfs The single epoxy 
40 group-con tarring copolymer is prepared from 97 parts by weight of styrene and 3 parts of gfycidyt mcthacrylate Upon 
calculation, the epoxy equivalent weight of such a polymer is found lo be 4.739 

Japanese Kofcai 3/277,657 (abstracted in Chomtcai Abstracts, 116, 1 75463u. 1 992) discloses pofypherrylene ether 
pofyamide blends which also contain a thermoplastic polyester, a ccrnpatibili/er and a btsphenoJ -based epoxy resin 
They are described as having good water resistance and strength 
<5 European patent application 557,066 describes similar blonds having flame retardancy The pofyepoxde employed 

theron is a haiogenated bisphenol epoxy resin with an epoxy equivalent weight greater than 5.000 

Experience has shown that the presence of polyepoxy compounds having high epoxy equivalent weights, partic- 
ularly above 4,000, has senous disadvantages The number of mere (i.e., structural units) in such polymers is high, 
which may detract from the compatibility of the polyepoxy compound with the other blend components and cause 
so deterioration in various properties of the blends 

Summary of the Invention 

The present invention is based on the discovery that various properties, including surface appearance and clastic 
56 deformation properties, of cornpatibilized potyphenylene ether -poly amide blonds are improved by the addition of a 
polyepoxy compound of low epoxy equivalent weight 

Accordingly, the nvention includes resinous ccrnpositions free from condensation polyesters, said compositions 
comprising the following and any reaction products thereof: 
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(A) a continuous phase comprising at least one potyamide, 

(B) a rxxyphenytene ether resin. 

5 (C) at least one ropact modifying polymer ; 

(D) a non-porymeric functionah/ing compound containing at least two functional groups capable ol reacting with 
potyphenylene ethers and potyamides, and 

to (E) a iTMnor proportion, effective to improve physical properties or surface appearance, of at least one poryepoxy 

compound having an epoxy equivalent weight of at most about 4.000 or at least one poryfortho ester). 

«3rnponeots B and C forming a dispersed phase in said continuous phase 

'5 Detailed Description; Pilm f d Embodiments 

The invention is inclusive of simple blends of the above-designated materials and also of compositions in which 
two or more of said materials have undergone chemical reaction When proportions are specified, they apply to the 
originally rxxxporated materials rather than those remaning after any such reaction 

20 Poryamides suitable tor use as reagent A, the continuous phase, may be made by any known method They pref- 

erably contain a substantial proportion of amine end groups In many instances, poryamides in which the amine end 
group concentration is at least about 60 microequrvalents per gram are particularly useful It is also wrthn the scope 
of the invention, however, to employ predominantly carboxylic acid-terminated poryamides 

Suitable poryamides include those of the typo prepared by the polymerization of a rrxxx>amincKTxxKxarboxylic 

?5 acid or a lactam thereof having at least 2 carbon atoms between the amino and carboxylic acid group, of substantially 
oqu molar proportions of a diamine which contains at least 2 carbon atoms between the am no groups and a tricarboxylic 
acid, or of a rrxvKiaminocarboxylic acid or a lactam thereof as defined above together with substantially equimotar 
proportions of a diamine and a dxartxjxyticacid The dicarboxylic acid may be used in the form of a functional derivative 
thereof, for example, an ester or acid chloride 

30 Examples of the aforementioned rrK»x>amirx)-rnonocarboxylic acids or lactams thereof which are useful in prepar- 

ing the poryamides include those compounds contamng from 2 to 16 carbon atoms between the ammo and carboxylic 
acid groups, said carbon atoms lemming a ring with the -CO-NH- group in the case of a lactam As particular examples 
of aminocarboxylic acids and lactams there may be mentioned e-aminocaproic acid, butyrolactam, pivatotactam, e- 
caprolactam, capryttactam, enantholactam, undecanolactam, dodocanoiactam and 3- and 4-amnobenzo*c acids. 

36 Diamines suitable for use m the preparation of the potyamides include the straight chain and branched chain alkyl, 

aryt and aJkaryl diamvtes. Illustrative diamines arc trimethylonediamine, tetramethylenediamrie. pentamethylenedt- 
amine. cx^amethytenedtarmne, riexamethyienectemne (which is often preferred), trimetr^lhexarriethylenectam^e. m- 
pherrylenediamine and rn-xytyteneoterntne 

SurtaWedkartxwyfcaadBinc^ group containing at least 2 carbon 

40 atoms separating the carboxy groups. The aliphatic acids are often preferred; they include sebacic acid, octadecane- 
(Jkmc acid, suberic acid, glutaric acid, punetic acid and adipc acid 

For most purposes, the preferred pofyamides by reason of their availability and particular suitability are poly<hex- 
arn ethylene adipamide), hererafter designated *pofyarntdo-66*, and pory(e-aminccaproarnide), hereinafter designated 
•pofyarmde-6* Poryamides having an amine end group concentration of at least about 20 microequrvalents per gram 

45 are especially preferred, by reason of their suitability for compalibili/ation via copolymer formation with the potyphe- 
nylene ether 

The potyphenylene ethers employed as component B according to the present invention are known polymers 
comprising a plurality of structural units of the formula 

so 
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wherein in each of said units rxfependentty, each Q 1 is ndependently haJogen, prvnary or secondary lower alkyl (i e . 
alkyl ccntenng up to 7 carbon atoms), phenyl, haloalfcyl, armooalkyi, hyoYocartxjnoxy, or hakxiyefrccartonoxy wherein 
at least two carbon atoms separate the halogen and oxygen atoms, and each is independently hydrogen, halogen, 
prmary or secondary tower alkyl, phenyl, hatoalkyi, hydrocarbonoxy or hatohydrccarbcooxy as defined tor Q 1 Most 
often, each Q T is alkyl or phenyl, especiaty alkyl, and each Q 2 ts hydrogen 

Both horropefyrner and copolymer potyphenytene ethers are included. The preferred homopolymers are those 
contarHng 2,6-cftmethyM ,4-phenytene ether units Suitable copolymers include random copolymers con tamng such 
units in cxrnbinatmn with (tor example) 2, 3,6-trirriemyM ,4-phenytene ether units Ateo included are polypheny iene 
ethers containing moieties prepared by grafting onto the polyphenylene ether n known manner such materials as vnyl 
monomers or polymers such as polystyrenes and elastomers, as well as coupled polyphenylene ethers in which cou- 
pling agents such as tow molecular weight polycarbonates, quinones. hoterocycles and forma Is undergo reaction in 
known manner with the hydroxy groups ol two polyphenylene ether chains to produce a higher molecular weight pol- 
ymer, provided a substantial proportion ol free OH groups remans 

The polyphenytene ether has an ntrnsic viscosity greater than about 0 25, most often in the range ol about 0 25-0 6 
and especially 0.4-0.6 d./g.. as measured in chtoroform at 2S"C 

The polyphenylene ethers are typically prepared by the oxidative coupling of at least one monohydroxyaromatic 
compound such as 2.6-xytenol or 2.3,6-tnmettTytobonol. Catalyst systems are generally employed tor such coupling; 
they typically contain at least one heavy metal compound such as a copper, manganese or cobalt compound, usually 
in combination with various other materials 

Particularly useful polyphenytene ethers for many purposes are those which compnse molecules having at least 
one amrwakyl-containing end group The amnoalkyl radical is typically located in an ortho position to the hydroxy 
group Products containing such end groups may be obtained by incorporating an appropriate primary or secondary 
rrxjnoamine such as di-n-butytamirie or dtmethylamirie as one of the constituents of the oxidative coupling reaction 
mixture Ateo frequently present are 4~hyoVc«ybiphenyl end groups, typically obtarted from reaction mixtures in which 
a byproduct ckphenoqunone is present, especially in a copper -halide-secondary or tertiary amine system A substantial 
proportion of the polymer rnotecates, typically const itutng as much as about 90% by we»ght ol the pc^ymer, may corrtan 
at toast one of sari anwicelkvHxritamng and 4~hyoVoxybi phenyl end groups. 

It will be apparent to those skilled n the art from the foregoing that the polyphenytene ethers contemplaled for use 
in the present invention include al those presently known, irrespective of variations in structural units or ancillary 
chemical features 

Component C, the impact rnodrfyng polymer, may be any polymer known to improve the impact strength of polyphe- 
nytene ether -pofyarmde blends Examples of suitable polymers are high impact polystyrene, potydtenes such as potyiso- 
prene and polybutadiene; styrene-dione block copolymers including dtotock and tnbtock copolymers, n which the diene 
structural units may be partially or entirely hydrogenated; olefin polymers contanng carboxyhc aad or ester groups and 
core-shell polymers having rubbery cores and stiff shells with carboxybc acid groups or functional oenvatrvos thereof 
(e g , anhydride, ester, amide or mide groups) The preferred impact modifiers are those free f rom carboxylic acid groups 
or functional derivatives thereof, and especially the aforementioned styrene-diene block copolymers 

Reagent D. the functional i/ing agent, may be any of several known non-polymohc compounds having lunctional 
groups capable of reading with prtypneriytcne ethers and/or polyamides. thereby forming copolymer*: molecules. 
Such groups include carboxylic acid, anhydnde. amide, ester, ortho ester, epoxide, olefin, hatotr»zine, phosphate, 
hydroxy and ammo groups Preferably, reagent D contains at least one group capable of reacting with each of reagents 
A and B Illustrative functional i/ing compounds include makwc anhydride, lumarc acid, citric acid, tnmellitic anhydride 
acidchtonde, gryodyl mcthacrytate, mesrryl grycidyl chlorocy an urate, 4 acryloy toxymethyl 2 rnctnoxy 2-rnethyl 1 ,3-di- 
oxolano. 2-cbkxo^(2<nethoxy-2-melhyl-1.3^ and 2-chtoro-4-(2-dwthyl- 

phosphatoethoxy)-6-mesitoxy-1,3,5 iria/ine 



EP 0 776 940 A2 



The chemical nature of the functionalizing compound will determine, to some extent, how it is incorporated in the 
composition. For example, such functxxializmg compounds as chkxotnazines react raptdty with potyphenylene ethers 
and are rxxmatfy Wended first with the polypheny lene ether in solution, after which the resulting reaction product ts 
blended with the other constituents On the other hand, compounds such as matetc anhydride, fumanc acid and citric 

5 acid may conveniently be blended simultaneously in the melt with the polyphenytene ether and the other constituents, 
whereupon the functionahzng reactions take place 

The presence of reagent E, the pofyepoxy compound or pofyfprtho ester), is m large part responsible for the un- 
expected mprovements n physical properties and surface appearance exhibited by the compositions of this invention 
The effects of such compounds (hereinafter sometimes designated VrxxWier" for simplicity) are to decrease the partrcfe 

to size of the dispersed phase and modify the elastic deformation properties of the blend, wth an increase n storage 
modulus. Often, the rneo*og»cal modificabon provided by the modifier permits the substitution for some or al of a highly 
etastc. expensive potyamcte of a cheaper potyamide having a tower degree of elasticity 

Pofyepoxy compounds which may be employed as component E according to this invention include simple aliphatic 
cfcepoxides such as dodecatriene dioxide, dipentene dioxide and 1 .2,7 8 d«coxyoctar>e, bis-gfycidyl ethers/osiers such 

'5 as the bisgfycidyl ether of btsphenoJ A and its condensation products. aJicychc diepoxides such as 3, 4 -ecoxycyc Johexy I 
3,4-epoxycyckx^xanecaitioxytate and bis<3,4-eooxycyck]hexyrnethyl) adpate, mixed aliphatc/alcyclc diepoxides 
such as vnylcyctopentadiene dioxide and buteriyfcyclopentene cSoxxJe. epoxidured novolak resins, epoxidt/ed hete- 
rocyctes such as trxjfycxJyt isocyanurate. addition polymers of ethytenically unsaturated epoxy compounds such as 
gfycidyl methacrytate. and epoxidi/ed oils such as epoxidt/ed tall oil, linseed oil and soybean oil 

20 The.epowdized novotaks are often preferred by reason of their particular suitability and relatively tow cost, wxh the 

reaction products of o-cresoi novoiaks with epichlorohydrin often being most preferred When flame retardancy is an 
irnportant consideration, hak>gonated pofyepoxy compounds such as bromnated bisphenol A gfyodyt ethers may be 
employed 

The epoxy equivalent weight of reagent E should be no greater than about 4.000, to avoid adverse effects on the 
2S properties of the composition Most often, it is no higher than about 2.000 and preferably no higher than about 500 It 
is ateo strongly preferred that the molecular weight of reagent E not be above 4.000 since higher molecular weight 
potyepoxxJes may adversely affect compatibility of the compositcn constituents 

Poty(ortno esters) may also be ernptoyod as reagent E Suitable corrxxxjods of this type are disclosed in copending, 
commonly owned European application No 96304233 8, the disclosure of which is incorporated by reference herein 
30 An example is the compound prepared by the reaction of two or more equivalents of 4-hydroxymothyl-2-methoxy- 
2-methyM ,3-dtoxolane with terephthaloyl chloride 

When reagent E is in particulate rather than peltetized form, as illustrated by epoxidized novotaks, rt is often desirable 
to rKxxporate a minor amount of a lubricant n the composition to facilitate uniform dispersion of the pofyepoxy compound 
in the blend of pefletized polymers Suitable lubricants include tow molecular weight hydrogenated a olefin polymers 
36 Trie prcxx>rtxTO of components A, BandC in trie composrtions of this invent»n are rx^ critical, so long as the potyamide 

is the continuous phase and rxilyphortylene ether plus impa^ 

of prjtyphenytene ether wil be about 25-60% and the proportion of mpact modifier about 2-20% by weight based on total 
components A, B and C. with the balance being potyarrvde. Corncedbilizef w4 be present n the amount of about 0 1-10 
part per 100 parts of resn (i e , of the combrauon of ccrnponents A B and C). and reagent E in the amount of about 
to 0 M 25 pbr When a lubricant is employed, it is typically present rt the amount of about 0 1 -O Sphr 

The order of blendrrg of the constituents of the compositions of this invention is not critical from an inventive 
standpoint, although rt may be important for other art-recognized reasons For example, certain r^ompatibilizers are 
best blended first with the pofyphenylene ether under reactive conditkDns, said conditions typcalry inducing the pres- 
ence of a common solvent Also, the resinous constituents are typicary wetted with any lubricant employed prior to 
45 blendng with reagent E to facilitate intimate mixng 

Under most condrtwns. moll blendng is employed It may be batch wise or continuous, with such apparatus as 
Brabender mixers being employed for batch blendng and extruders typically being utilized for continuous blendng 

The invention is illustrated by the following examples All parts are by weight Molecular weights are weight average 
and, in the case of polymers reach ry soluble n organic sofvonls, were determned by gel permeation chromatography 
so The foWowmg constituents were employed 

PPE a pory(2.6-drnethyl-1 ,4 phenylene other) having an intrinsic viscosity of 0 46 oVg as measured in chloroform 
at 25*C 

ss PA1 a potyamide-66 having an amine end group concentration of 38 mcrooqurva tents per gram, commercially 

available from DuPont under the designation TE3704" 

PA2 a pofyamde 6 having a molecular weight of 48,300 and an ammc end group concentration of 120 micro- 
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equivalents per gram, commercially available from Unitika under the designation "M8020A" 

PA3 a potyamide~6 having a molecular weight ol 65,800 and an amine end group concentration of 60 2 rncro 
equivalents pec gram. cornmerciaUy available from Allied Chemical under the trade name 'CAPHON 8202 NL* 

5 

PA4 a poryamtdQ-6 having a molecular weight o< 71,360 and an amine ondgroup concentration of 79 4 mtcro 
equrvalents per gram, commercially available from Allied Chemical under the trade name 'CAPRON XPN1250" 

IM1 a styrene-hydrogenated isoprene di block copolymer having a molecular weight ol about 174,000 and conv 
to prtsmg about 26% styrene and 74% isoprene units, commercially available from Shell Chemical under the trade 

name "Kraton G1702" 

IM2 a styrene-hydrogenated butadiene diblock copolymer having a molecular weight ot about 74,000 and com- 
prising about 27% styrene and 73% butadiene units, commercially available from Shell Chemical under the trade 
'5 name "Kraton G 1 650* 

PE a reaction product of a creso! novotak with ep*chlorohydrin, having a molecular weight of about 1270, an 
average of 5 4 epoxy groups per molecule and an epoxy equivalent weight ol 235 commorctalry available from 
Ciba-Getgy under the designation "ECN9495" 

20 

Lubricant a hydrogenated a-ote fn polymer supplied by Henkel under the trade name "EMERY 3008" 
Examples 1-3 

£5 Various proportions of PE were incorporated m Wends of 52 parts of PPE 38 parts of PA1 , 3 parts of PA2, 7 parts 

of IM1 and 0.6 phr of anhydrous citric acid The blends were prepared by wetting the pelletized poryamtde with a smad 
portion of lubricant, dusting the PE on the wetted pellets, extruding the PPE, impact modifier and citric acid through a 
30 mm twin screw extruder and adding the potyamide and PE downstream, at extrusion temperatures m the range of 
265-296'C and a melt temperature of 318"C 

30 rest specimens were produced by injection rnokjrtg under two sets of conditions, both employing a melt temper- 

ature of 295° C, a mold temperature of 88* C, a screw speed of 150 rpm and an injection speed of 50% The "regular' 
cycle and the "long" cycle employed cycle tmes of 36 and 144 seconds, respectively Apparent viscosity was also 
determined Various samples were molded under various conditions, including varying ram injection speeds and cycle 
times, until attainment of the "critical injection speed" was demonstrated by visual detection of severe tearing and 

36 stretching of the potyamide matrix and defects in the toon of "sharkskin" surface textures 

The results are given in Table I, in comparison with two controls employing no PE Control 1 which additionally 
employed no lubricant, and Control 2 in which lubricant was present 



TABLE I 



40 




Example 


Control 


1 


2 


3 


1 




2 




Reg. 


Long 


Reg. 


Long 


Reg 


Long 


Reg 


Long 




45 


PE, phr 


0 25 


025 


05 


05 


1 0 


1 0 








Apparent vise . Pa s* 


251 




288 




366 




204 








Critical injection speed, envsec 


12 7 




203 




20 3 




76 




76 




Tensile elongation, %*" 


81 




60 




54 




38 








Dynatup impact strength 




















so 


Total energy, J 


63 7 


4 1 


61 0 


136 


122 


163 


63 7 


1 4 






Max load, kg 


565 


142 


566 


271 


145 


304 


588 


76 






Failure mode"** 


D 


B 


D 


S 


S 


S 


D 


B 





' Afprnt mhtm rw*m 1000 wmc' 1 . temperature 306*C 
-At break. 

***B - britte. S - split. D dud** 



II is apparent that the compositions of the invention generally exhibit comparable impacl strengths to those ol the 
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controls under 'regular* mofcfcng conditions, and substantially superKX mpad strengths under long' conditions This 
applies to aH three criteria in the Dynatup test In addition, they can be n feci on molded under more severe condrtions, 
as exemplified by higher injection speeds, than the controls The same trend is shown in tensile elongation 

The increase in apparent vnscoerty noted for the compositions of the invention is, as previously explained, an 
advantage n blow molding operations For injection molding, such changes as substitution of a lower molecular weight 
poryarrvde can be made to optmize viscosity properties 

Visual inspection of test specimens corresponding to the controls showed a clearly discernible 'sharkskin" surface 
n certan areas, both at short and long cycle times By contrast, the spec mens corresponding to Examples 1 3 had 
ctearty enhanced surface appearance with ncreasing levels of PE for both cycle times Dispersed phase particle sue 
analysis by scanning electron microscopy showed a trier dispersion of particles n the blends contain rtg PE The 
volume average diameter tor the blends decreased from 2 34 2.86 microns for Controls 1 and 2 to 1 01 1 88 microns 
tor Examples 1-3 

Example* 4-7 

Following a procedure similar to that of Examples 1 -3. blends of various proportions of PPE , poryamide and impact 
modifier and also containing 0 6 phr of citric acid were extruded and molded Of the two pofyamktes employed, PAS 
is highly elastic and relatively expensive while PA4 has less elasticity and is lower priced 

In addition to impact strength, ftexural properties and tensile properties, the complex viscosity and storage modulus 
of each compos/Don was tested to determine its suitability for blow mokftng. The relevant parameters and results are 
given in Table II, n comparison with tour controls 
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50 Recognizing that Controls 3 and 5 alone employ the poly amide of nrxxe favorable elastic properties (or blow mold- 

ing, several trends are apparent from Table II In the first place, impact, tensite and flexural properties of the compo- 
sitions of this invention are generally comparabte to those of the corresponchng controts In the second place, the 
theological properties of the cornposittons of this invention are for the most part much closer to those of Controls 3 and 
5. employing the pofyamtde with superior elastic properties, than to Con t rote 4 and 6 employing the samo tower elasticity 

55 poryamtde as the compositions of the invention Thus, rt is apparent that the invention pormrts pofyamtdes of less 
superior elastic properties to be substituted for higher elasticity pofyamides in axnposdions intended for blow molding 
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CWm* 

1. A resinous composition free from condensation polyesters, said compos* ion comprising the following and any 
reaction products thereof 

(A) a continuous phase compnsng at least one potyarntde, 

(B) a polypheny I ene ether resin, 

(C) at least one mpacl modtfyng polymer; 

(D) a rxxvpotvrneric tunctonalizmg compound contain ng at least two functional groups capable of react r>g 
with pofyphenylene ethers and potyarrades, and 

(E) a minor proportion, effective to improve physical properties or surface appearance, of at least one potye- 
poxy compound having an epoxy equivalent weight of at most about 4,000 or at least one pofy(ortho ester); 

components B and C forming a dispersed phase in said continuous phase 

2. A composition according to claim 1 wheretn reagent E is present in the amount of about 0 1-1 25 parts by weight 
per 100 parts of the combnation of components A, B and C 

3. A composition according to claim 2 wherein the epoxy equivalent weight of reagent E is no higher than about 2,000 
and its molecular weight is at most about 4,000 

4. A composition accordng to claim 2 wherein reagent E is an epoxidi/ed novotak. 

5. A composition according to any preceding claim wherein reagent D contains at least one group capable of reacting 
with each of reagents A and B, said groups comprising carboxyitc acti. anhydride, amide, ester, orthoester, epoxide, 
olefin, hatotriazino. phosphate, hydroxy or amino groups 

6. A composition accordng to any preceding claim wherein component C is free from carboxylc acid groups 

7. A composition according to claim 6 wherein component C is a styrene-dieno block copolymer 

a A composition according to any preceding cJam which comprises about 25-60% by weight of component B and 
about 2-20% of component C based on components A, B and C. with the balance being polyamide 

9. A composition accordv>g to claim 8 wheren reagent D e present in the amount of about 0 1-10 part per 100 parts 
of the combinations of components A, B and C 

10. A resnoos composition free from condensation pofyesters, said compos* on comprising the following and any 
reaction products thereof 

(A) a continuous phase comprising a pofyamide-6, a poryamide-66 or a mixture thereof. 

(B) a potyphenylene ether resin. 

(C) a styrene-diene dtokxk or tribkxk copolymer m which the diene blocks are optionally hydrogenated, 

components B and C being present in the amounts of about 25-60% and about 2-20% by weight respectively, 
based on total components A, B and C, with the balance thereof being component A, 

(D) citric acid, maleic anhydride, fumanc actd or tnmelrtic anhydride acid chlonde in the amount of about 
0 1-10 part by weight per 100 parts of the combinaton of components A, B and C; and 

(E) at least one epoxidized novoiak having an epoxy equivalent weight of at most about 4,000. rt the amount 
of about 0 1 1 25 part by weight per 100 parts of the combination of components A, Band C. 
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components B and C forming a dispersed phase in said continuous phase 
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